Three experiments were conducted using feedlot steers in a randomized block design to determine the effect of zinc methionine (ZnMet) and zinc oxide (Exp. 3) on feed intake (DMJJ, rectal temperature, and serum mineral concentrations of feedlot cattle challenged with infectious bovine rhinotracheitis virus (IBRV). All the steers used were seronegative to IBRV. Steers were adapted for 7 d to their respective diets and challenged with 3.7 x 1 6 plaque forming units of IBRV on d 0 of each experiment. Live BW, rectal temperature, and individual daily DMI were recorded for 14 d. Blood samples were taken on d 0, 7, and 14. In Exp. 1, daily DMI of the control steers (Zn = 31 ppm) decreased 50% compared with 15% in the ZnMet (Zn = 90 ppm) steers 3 d after IBRV challenge. By d 6, the ZnMet steers had regained their pretrial mean daily DMI, but the control steers took 11 d. The
the immune system (Gross et al., 1979) . Several dietary factors, including protein concentration (Cole and Hutcheson, 1982) . potassium concentration (Hutcheson et al., 1984) , and energy level (Lofgreen et al., 1975) , have influenced feed consumption and health of feeder cattle. However, there are very few data on the effects of brace minerals on the health of feeder cattle.
The objective of these experiments was to determine the effect of dietary Zn on feed intake, rectal temperature, live BW and serum mineral concentrations of feedlot steers challenged with an infectious bovine rhinotracheitis virus (IBRV) (Cummins and Rosenquist, 1980) .
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Materials and Methods
were frozen for a later mineral analysis.
Dietary CP was obtained by using macro-
Kjeldahl procedures (AOAC, 1970 Experiment 3. Thirty-three crossbred steers (average weight, 260 kg) were blocked by weight and randomly allotted to three pens (1 1 steers/pen). They were fed additional ZnMet or ZnO to determine daily DMI, rectal temperature, BW, and serum mineral concentration of feedlot steers challenged with IBRV. Water was available on an ad libitum basis. The steers were fed (ad libitum access to feed) diets pable 2) containing 1) control (Zn = 96 pprn), 2) ZnO added to the control diet (Zn = 163 ppm), or 3) m e t added to the control diet (Zn = 171 ppm).
The data for each of the experiments were analyzed using the GLM procedure of SAS (1982) . Analysis of variance was performed using steer as a sampling unit. The model used in these experiments was the following: (Steel and Tome, 1980) .
Results and Discussion
In Exp. 1, the mean daily DMI for steers fed control or ZnMet on d 0 were 6.4 and 5.9 kg/d (SE = .69), respectively. The maximum decrease in daily DMI occurred on d 5 for the steers fed control or M e t (Figure 1 ). Three days after IBRV challenge, there was a sudden drop in daily DMI coinciding with a sudden rise in rectal temperature (Figure 1) . By d 7, daily DMI of the steers fed ZnMet was only 5% below their pretrial daily DMI, whereas that of the steers fed control was 45% below pretrial values. The decrease in daily DMI for the steers fed control was greater (P c .05) on d 4, 7, 8, 9, and 10 than that of the steers fed ZnMet diets (Figure 1) . By d 17, both groups of steers had recovered from the infection, as indicated by daily DMI. The increase in daily DMI of the steers fed the ZnMet diet may be attributable to the extra Zn and(or) the methionine from the ZnMet.
The mean rectal temperature for both groups of steers before IBRV challenge was 38.5'C (SE = .OS). Four days after the challenge, the steers fed control had a 3.8% increase (38.45 vs 39.91'C) in rectal temperature compared with their pretrial mean rectal temperature. On d 7 and 11, the steers fed control had higher (P c .lo) rectal temperature than the steers fed W e t . The daily pattern of changes in rectal temperature (Figure 1 ) on viral challenge was negatively related with daily DMI. As rectal temperature of steers declined, there was a corresponding increase in daily DMI by both groups. This increase was more rapid in the steers fed ZnMet than in the steers fed control. Although not well understood, during IBRV infection elevation of rectal temperature in cattle tends to coincide with daily DMI depression (Cole et al., 1986;  On: et al., 1989).
Changes in the BW (Figure 2 ; Exp. 1) of steers challenged with IBRV mimicked the drop in daily DMI. The steers fed control consistently exhibited a rapid drop in BW compared with the steers fed m e t . Although the decrease in BW was delayed and gradual cornpared with the rise in rectal temperature, the patterns were the inverse of each other. Cole et al. (1986) and Orr et al. (1989) showed clearly that the onset of morbidity due to viral infection leads to a rapid drop in daily DMI and BW and a concomitant rise in rectal teniperature. The biggest drop in daily DMI in this experiment occurred on d 5. However, rectal temperature peaked on d 4 after the IBRV challenge. By d 7, steers in both groups started regaining weight. Although steers in both treatments were losing weight after the IBRV challenge, those fed ZnMet never had a mean BW below their d-O BW.
In Exp. 1, serum Zn concentrations were similar (P > .05) for both dietary treatments. However, serum Zn concentration changed (P < .OS) with time. Henkin (1974) reported a marked reduction in the binding of Zn to plasma macroligands during acute infectious hepatitis. This shift in Zn binding leads to a preponderance of Zn bound to amino acid microligands that are small enough to pass through the renal glomerulus during filtration. Hence, a sizeable amount of Z n is lost in the urine during the mobilization and redistribution process.
The decline in plasma Zn in response to infection also has been attributed chiefly to a flux of Zn from plasma to the liver; this results in a rapid stimulation of de nuvo synthesis of metallothionein in hepatocytes. This Zn-binding protein sequesters Zn within the hepate cytes. Chandra and Dayton (1982) concentrations returned to pretrial concentration. Cole et al. (1986) and Orr et al. (1989) reported a decrease in serum inorganic P concentrations in calves challenged with IBRV. However, Orr et al. (1989) reported an increase in serum Ca concentrations in calves challenged with IBRV, which was probably due to the differences in daily DMI they observed.
In Exp. 2, the steers fed control had lower (P < .05) daily DMI on d 8, 9, 10, 11, 12, 16, and 21 than the steers fed W e t (Figure 3) . The pattern of changes in daily DMI after introduction of the IBRV infection is similar to those observed in Exp. 1. The steers fed ZnMet had their lowest feed consumption 5 d after the IBRV challenge, followed by a gradual increase in daily DMI up to, and including, d 8, when they exceeded their pretrial mean daily DMI (8.5 kg; SE = .79). However, steers fed the control diet had their lowest daily DMI on d 4 and 11. Consequently, they never exceeded their pretrial mean daily DMI (8.4 kg; SE = 32) until 19 d after infection. The ZnMet diet was probably more effective in enhancing the recovery of the steers from the IBRV infection and in diminishing the severity of it.
The mean rectal temperature of all steers in Exp. 2 before IBRV challenge was 39.0'C (SE = .15). The steers fed control had higher (P c .lo) rectal temperatures on d 5 than the steers fed ZnMet (Figure 3) . The pattern of changes in rectal temperature in this experiment is similar to that observed in Exp. 1.
The mean BW of the steers fed control or ZnMet in Exp. 2 before IBRV challenge averaged 267 and 269 kg, respectively. The steers fed control lost BW on d 4 after IBRV challenge. whereas the steers fed ZnMet did not lose BW until d 5 (Figure 2 ). In Exp. 1 and 2, the pattern of change in daily DMI did not coincide with BW loss. This is the lag time based on rumen fill. which may be primarily water. Steers fed control consistently averaged 7% lower BW than the steers fed ZnMet. However, the steers fed control and ZnMet reached similar (P > .05) low BW, but on different days (Figure 2 ). Zinc methionine supplementation was efficacious in alleviating daily DMI depression and BW loss in steers challenged with JBRV. Because steers on the control diet did not receive additional methionine equivalent to the amount present in the ZnMet diet, the observations may not be attributed to Zn alone. In Exp. 3, the rectal temperature for all treatments was similar (P > .05; Figure 4) .
However, the pattern of change in rectal temperature following IBRV challenge was consistent with those observed in the two previous experiments. The peak mtal temperature for all treatments occurred on d 5 after IBRV infection and coincided with the lowest daily DMI in the steers fed ZnO. The rectal temperature of steers on all treatments was elevated for 10 d after infection; this was consistent with our previous observation that the length of the fever period for IBRV infection was 10 d. The BW change for all treatments in Exp. 3 was similar (P > .05). The pattern of BW change ( Figure 5 ) was again consistent with previous observations in Exp. 1 and 2.
Serum mineral concentrations for all treatments were similar (P > .05). However, s e m mineral concentrations differed (P < .05) with time ( Table 4) . During the frrst 7 d after infection, the senun Zn concentration decreased (P < .05) from 1.88 ppm to 1.22 ppm. However, by d 28, the serum Zn concentration had increased to 1.57 ppm, but it was still lower (P < .05) than the d-0 values.
The decrease in serum Zn concentration on IBRV infection is consistent with the observations in Exp. 1 and previous reports of Orr et al. (1989) .
Serum Cu concentration increased (P > .05) from 1.05 ppm to 1.13 ppm 7 d after IBRV challenge. However, by d 28, serum Cu values had declined to .99 ppm, which was lower (P < .05) than d-7 values. Serum Ca, P, and Mg concentrations decreased (P c .05) 7 d after infection, probably due to a decrease in absorption from the gut or a decrease in the resorption of these minerals from tissues.
lrnpllcatlons
An outbreak of infectious bovine rhinotracheitis virus among transported feeder cattle is common in the beef cattle industry. An increase in dietary zinc may enhance the recovery rate of cattle during these severe outbreaks. Morbid cattle that recover quickly become more efficient in the rate of gain and feed to gain ratio, which are important considerations in any feedlot operation. Furthermore, zinc requirements of morbid cattle should be reconsidered.
